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lmXe^fcRadQTuW(XpcR`bQKsbif§k]¤i!U(ixa}s<XX 6Xy^fcpqkch`bXtihUeW(X,Usbs<OhXyihicRO_UT^©X,^pUeu0r·X,g¥ixXes/`bXu
i4adWgblUechamubSQch`bXOP`kU*OVs</UeOhX¤^fQTuK²kSTgbOVU*cRadQTu¥iQTO@cRQi4chgksK{,ch`bX/amu
3kgbXpu¥^fX/Q*¡HTUeOh{KadubS
j¥U*O_UeW(XpcRXpO_i©§
4 &0  $& "'(# )+ ",-. 02 "!# STadXyi6UT^^fgbO_UechXOhXei4gbldcVi6/`bXpuixcRgks<{KadubSgbubamjbOhQK^fXyihixQO
UeO_^_`badcRXe^fcRgbOhXei6rkXe^U*gki4X|ch`BX/UTsBs<OhXeiRichOVUT^fXQ*¡HU/gbubadjBOhQK^fXeiRixQO@U*jbjBlda^U*chamQTuts<QXeiubQc
sKXpjkXpuks¶Quch`bXtixadWgbl}U*chXys«UeO_^_`badcRXe^fchgBOhX§K] STamXpugbubadjBOhQK^fXeiRixQOcRO_UT^©X^U*u`BXpuk^fX
rkX.gki4Xes¶cRQ(i4adWgblUechX¤U*uK{(gbubamjbOhQK^fXyihixQO!UeO_^_`badcRXe^fcRgbOhX§K|`ba}i&a}i|QTrK<amQTgki4ld{ubQTcch`BX
^UTixX,¡¢QTO.WgbldcRadjbORQK^fXeiRixQTO¤U*OV^`BadchXy^fchgbORXei/r·Xy^pU*gki4X«cR`bX,XpzKXe^fgbcRadQu0jkU*cR`cR`bOhQgbST`U
j¥U*O_UeldlmXpl@jbOhQSTO_UeW ai­uBQTcuBXe^fXeiRihU*ORadlm{cR`bXihUeW(XQTuc4|Q0sKa  XpOhXu<cU*OV^`BadchXy^fchgbORXei
Ueuks0^pUeuXpXpuU*Oh{(¡¢ORQTW QTubX,Xz<Xe^©gbchamQTuchQUeubQTcR`bXpO!Qu0ch`bXtihUeW(XU*O_^_`bamchXe^fcRgbOhX §
|`BXXpzKXe^fgBchadQu,jkU*cR`«cR`bOhQgbST`$U\j¥U*O_UeldlmXplbjbORQTSTOVU*W aiPsKXpchXpORW(aduBXes­rK{cR`bXQO_s<XOQe¡
cR`bX/U^p^fXeiRixXeichQ\ix{Kuk^`BOhQTuBad¸eUechadQuQrb~4Xe^fc_i©§e|`baiMQTO_sKXpOQe¡HUT^p^fXyihixXyis<Xj·XuksbiQTu,ch`BX
ORXplUechamXi4jkXpXesbi!Q*¡cR`bX,jbOhQK^©Xeihi4Xei.^fQTuki4chamchgbcRadubS(cR`bX,jbORQTSTOVU*W /`ba}^`UeOhX,amu0chgbORu
sKXpchXpORW(aduBXes¶rK{cR`bXY^`kUeO_U^fchXpORai4cha^i\Qe¡ch`bXYU*OV^`BadchXy^fchgbORX«Qu¬/`ba}^`ch`bXYjkU*OVU*ldlmXpl
jBOhQTSO_UeWai/XpzKXe^fgbcRXes6§kaduk^©X­cR`bX,Usbs<ORXeihicRO_U^fXei/Q*¡@cR`bX,s<a  XpOhXpuKc/jbORQK^fXeihi4XeiQe¡/U
j¥U*O_UeldlmXpl<jBOhQTSO_UeW UeOhXs<XpcRXpOhWYadubXes!rK{.ch`bX/XpzKXe^fgBchadQujkUech`ch`bORQTgbS`«cR`bXjbOhQSTO_UeW0q
sKa  XpOhXu<cXpz<Xy^fgbchamQTuki|SXpubXpOVU*cRXsKa  XpOhXu<cwUTsbs<ORXeihi/chOVUT^fXyif§
¨Xuk^fXqKUjkUeO_U*lmldXplHUTsbsKOhXeiRi&cRO_UT^©X.^fQTlmldXe^©chXes«QuUSTadXuU*OV^`bamchXe^©chgbORXWUp{,ubQc
ORX53kXe^©c/ch`bX,XpzKXe^fgBchadQujkU*cR`0ch`kUec.ix`bQgblsrkXQTrki4XpOhXes/`bXpu0XpzKXe^fgBchaduBS,ch`bXjbOhQ£
SO_UeW QTu´U(s<a  XpORXpuKc.U*OV^`bamchXe^©chgbORX§6gbORadubSch`BXixadWgbl}U*chamQTuqbcR`baichO_U^fX,WUp{STXpc
Qgbc,Q*¡\jb`kUTi4X/adch`cR`bX(XpzKXe^fgbcRadQu¬ch`kUec«QTgbl}srkXQrkixXpORXesQu cR`bXixamW«gbl}U*cRXes
UeO_^_`badcRXe^fcRgbOhX§ |`ba}i &0 87 )'9  : "#<; jb`bXpuBQTW(XpuBQTu>=?6gbrkQTai   02.  -@BA^pUeu¬`bXeUpKadld{
jkXpORchgbORrkU*cRX.ch`bXixamW«gBlU*cRadQu(OhXei4gbldcVif§
amSTgbORX¬ZjbOhXyixXpuKc_iUi4adW(jBldX(XpzBU*WYjbldX(Qe¡.chOVUT^fX£8i4`ba³¡¢cRadubSB§||`bX²kO_i4c«jBOhQK^fXeiRi
Xu<cRXpOhamubS(ch`BX(^fORadcRa^pUelPi4Xe^fchamQTuXpzKXe^fgbcRXei^©QKs<X(i4Xe gbXpuk^fXCZ/`bXpORXeUTi!ch`BX(i4Xe^fQTu¥s
Xz<Xe^©gbchXei^fQKs<XixXy gbXuk^fXDC<§
]!iRixgbWYXch`¥U*c.jbOhQK^©XeihiN&Z,XpzKXe^fgBchXei%CZU*uksjBOhQK^fXeiRi.N(XpzKXe^fgBchXeiEC(/`bXu
cR`bXchO_U^fX!a}i^©QTldlmXe^fcRXes6§GFQeÀldXpc@gkiUTihi4gbW(Xch`kUec|cR`bai@chO_U^fXaiPgkixXys«chQtixadWgbl}U*chXU
i4`kU*ORXesW(XpWYQTOh{WgbldcRadjbORQK^fXeihi4QTO/`bXOhX/XeU^`jbOhQK^fXyihixQO@`kUTi@UjbORadU*cRX/^pU^`BX§T|`BX
i4ad¸pXwU*uks,ch`BX/OhXpjbl}UT^fXW(XpuKc6jkQTlma^f{Q*¡ ch`bX^UT^_`bXeiP^pUeu^`¥U*ubSX/ch`bX/ORXplUechadXi4j·XXesQe¡
cR`bX.c4|Q,jbORQK^fXeihi4XeifqbcR`kU*c/a}i|ch`bXi4j·XXesU*c/`ba^_`(ch`BXpadOwUTsbs<ORXeihi/chOVUT^fXyi/U*OhX^fQukixgB£
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amSTgbORXZ /kªPzbUeW(jblmX!Q*¡aduksKXpchXpORW(aduBaixW aduU,jkU*OVU*ldlmXplUejbjblma^pUechadQu
WYXesrK{¬ch`bXi4adWgblUechQTO§PQbqs<gbORadubSch`bXi4adWgblUechadQuqch`bXXpXu<ct^fQTOROhXei4j·Quks<amubS
cRQ,ch`bX.lmQK^KadubSQTjkXpOVU*chamQTuaduch`bX¤chO_U^fX.Q*¡jbOhQK^©XeihiN@WUp{«rkX^fQTu¥ixgbW(Xys«r<{ch`BX
i4adWgblUechQOrkXf¡¢QOhX/adc`kUTi@^fQukixgbWYXes­cR`bX^fQTOROhXei4jkQTuks<amubSXXpu<camu,ch`bXchOVUT^fX/Qe¡ jbOhQ£
^©Xeihi@N/ZT§ Î¡ ch`ba}i¦jBOhQTSO_UeWµ/UTiUT^fcRgkU*lmld{Xpz<Xy^fgbchXys­QTuYch`bXi4adWgblUechXesU*O_^_`bamchXe^fcRgbOhX q
jBOhQK^fXeiRi,0ix`bQgbls¬XpzKXe^fgBchX CZ(/`bXOhXeUiadc_i.chOVUT^fX^©QTuKc_U*amukich`BX(XpXpuKc_i.OhXpl}U*chamX
cRQ«cR`bX.XpzKXe^fgbcRadQTuQe¡!C<§BAr<KadQgkixlm{q<cR`bXcRO_UT^©X­a}i|ubQTc\^fQTOROhXe^fc|¡¢QOcR`bXixamW«gbl}U*cRXes
UeO_^_`badcRXe^fcRgbOhX§H|`baijbORQTrblmXpW ^pU*uÀU*l}ixQ0QK^p^©gbO¡¢QTO,jbORQK^fXeiRixXei,^fQW(Wgbuba^©U*cRadubSYr<{
i4`kU*ORXes¶WYXpW(QTOR{QOrK{«WYXeihiRU*STX.jkUihi4adubSB§
QW(X0chOVUT^fXsKOhadXu=ixadWgbl}U*chQO_i«cROh{ÀchQÀixQldX0ch`Bai(jbOhQrbldXW rK{®STXpubXO_U*cRadubS
cR`bXUTsBs<OhXeiRi!chO_U^fXei!^©QTOhORXeixjkQuks<aduBS¶cRQU*ldlMch`BX,j·Q ihi4adrblmX,Xpz<Xy^fgbchamQTukiQ*¡wU(jkU*OVU*ldlmXpl
jBOhQTSO_UeW$= ¨QTlmlda}sbUp{DCµªPldlmaiTBAo§6gbOhamubS(i4adWgblUechamQTuqch`BX,ixamW«gBlU*cRQTOw^`bQQ ixXei/ch`BX
Usbs<ORXeihi.chO_U^fXchQrkX(gkixXys6§BE|Xe^pUegkixXQ*¡wch`bXjkQTcRXpu<cRaUeldld{gbuKr·Qgbuks<Xysu<gBW«rkXpO!Qe¡
sKa  XpOhXu<c.XpzKXe^fgbcRadQukifqXpOR{¡¢XpµjbOhQSTOVU*Wi^pU*u¬rkX(cRO_U^fXes/amch`¬cR`bai.chXe^_`buba} gbX §
]ubQTcR`bXpOU*lmchXpORukU*cRadX|a}iPchQ.jkXpOx¡¢QOhWµch`BX!i4adWgblUechadQu/amch`Ui4XpcPQe¡ixXe gbXpuKcha}U*lKjbOhQ£
SO_UeWiPch`kUec|sKQ­uBQTc|amu<cRXpO_U^fcP/amch`XeUT^_`,QTcR`bXpO = C@`ba}U*ubSFC Q`ba TBAo§K|`bai@ixQldgbcRadQu
jBOhXe^flmgks<Xei@ch`bX &0 '7 )'9  : "# ; jb`BXpubQTWYXpukUrkXe^pUegkixX.XeU^`(Xz<Xe^©gbchamQTui4chOhXyU*W a}i|adub£
sKXpjkXpuks<XpuKc!rbgBc­amc!ai!amW(jkQihi4adrblmXcRQi4chgksK{0ch`bX,rkXp`kUpKadQgbO.Q*¡/j¥U*O_UeldlmXplPjbORQTSTOVU*Wi
QujkUeO_UeldldXlU*OV^`BadchXy^fchgbORXei/amch`ch`Bai|chXy^`buBa gbX§
  G.H%--(,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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/.102 "!# = C@QeKadubSchQTu   02.  @ @ A@ai!UixamW«gBlU*cRadQuchXy^`buBa gbX
cR`kU*c^fQOhORXe^fc_i(cR`bXs<O_Up/rkU^Bi(Q*¡cRO_UT^©Xs<OhamXpu=ixamW«gbl}U*cRadQTu¡¢QTOjkUeO_U*lmldXpl\U*jbjblmad£
^U*chamQTuki©§@|`bXr¥UTixa}^(as<XeU0Q*¡\Xpz<Xy^fgbchamQTusKOhadXuixamW«gbl}U*cRadQTu´aichQaduKchXOhldXyUyXch`BX
Xz<Xe^©gbchamQTuUeuks¬chO_U^faduBS0Q*¡¤ch`bXUejbjblma^pUechadQu/adch`cR`bXixamW«gBlU*cRadQuQe¡!cR`bXc_U*ORSTXpc
UeO_^_`badcRXe^fcRgbOhX§bamuk^fX.ch`BX­Xz<Xe^©gbchamQTu(Qe¡@ch`bXUejbjblda}^pU*cRadQu¶a}i^©QTuKchOhQldXesr<{(amc_i/i4adWgb£
l}U*cRadQTuHqcR`bX¤UTsbs<ORXeihi@chOVUT^fX¤ixamW«gbl}U*cRXes­a}i¦XzbU^fchlm{ch`BXQubX!ch`¥U*c|QTgbl}srkXQTrki4XpOhXys
a°¡PcR`bXU*jbjBlda^U*chamQTu/Ui/UT^fcRgkU*lmld{(Xz<Xe^©gbchXesQTucR`bXixamW«gbl}U*cRXesW$UT^_`badubX §
    0   !
	  & 
|`bXXpzKXe^fgbcRadQTuQO_s<XpOQ*¡­UjkU*OVU*lmldXplUejbjblda}^pU*cRadQuais<XpcRXpOhWYadubXes0rK{ cR`bXQTOR£
sKXpOhamubSQ*¡/cR`bXQTjkXpO_UechamQTuki/`ba}^`^U*uW(QKs<a³¡¢{ch`bXXpzKXe^fgbcRadQu0jkU*cR`¬ch`bORQTgbS`¬ch`BX
jBOhQTSO_UeW0§e|`bX@STlmQTrkUeldld{¤<a}ixadrBldXMXpXpuKc_i6UeOhX@c4{<jBa^pUeldld{U^p^fXeiRixXei6cRQ!i4`kU*ORXes!U*Oha}U*rblmXeifq
WYXeihiRU*STX,j¥UTihi4adubSQTOtix{Kuk^`BOhQTuBad¸eUechadQu0QTjkXpOVU*chamQTuki©§P|`bXQTOVs<XpO.Q*¡cR`bXei4X,STldQrkU*lmld{
Kai4adrblmX!XpXpuKc_i@W«g¥ixc/OhX03kXe^fc/cR`bX.r·X`kUp<amQTgbOQ*¡@cR`bXU*jbjBlda^U*chamQTujbOhQK^fXyihixXyi&Quch`BX
i4adWgblUechXes,UeO_^_`badcRXe^fcRgbOhX¤U*uks(Wgkixc@cR`bXpOhX©¡¢QTOhXrkX^fQTW(jBgbchXes,rK{«cR`bX.ixamW«gBlU*cRQTO§8u
Xz<Xe^©gbchamQTu0sKOhadXu0ixamW«gBlU*cRadQuq<cR`bX,XpzKXe^fgbcRadQTuQ*¡ch`BXU*jbjblma^pUechamQTuU*u¥sch`bX,SXpubXp£
OVU*cRadQTuQe¡!cR`bXUTsBs<OhXeiRicRO_U^fXeiUeOhX^pUeOhOhamXesQgbcixamW«gblmc_UeubXpQTg¥ixld{0/amch`¬cR`bXi4adWgb£
l}U*cRadQTu´Q*¡¤ch`bXc_UeOhSXpc,UeO_^_`badcRXe^fchgBOhXY|`bXXpz<Xy^fgbchamQTuQ*¡¤ch`bX$U*jbjblma^pUechamQTuai.gbuks<XpO
cR`bX,^©QTuKchOhQlPQ*¡cR`bXixamW«gbl}U*cRQTOp§B]!i!i4QQTu´UTi.U*uUejbjblda}^pU*cRadQujbORQK^fXeihi.UechchXW(jbc_i/chQ
Xz<Xe^©gbchX.USldQrkU*lmld{(Kai4adrblmX!QTjkXpOVU*chamQTuqbcR`bX.XpzKXe^fgbcRadQTuQe¡PcR`bai|jbORQK^fXeiRi&a}i/ixchQjbjkXes
Ueuks(ch`bX¤jbOhQK^fXyihi|/UeadcVi¦¡¢QTOUeuUT^_<ubQe/lmXes<STXW(XpuKc¡¢OhQW cR`bX.ixamW«gBlU*cRQTO@chQ,ORXeixgBW(X
amc_i|XpzKXe^fgBchadQu§
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lock(v)
i := i+1
if  i=1 then
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  C2
fi
end
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lock(v)
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lock(v)
i := i+1
if  i=1 then
  unlock(v)
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lock(v)
i := i+1
if  i=1 then
  unlock(v)
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else
  unlock(v)
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end
lock(v)
i := i+1
if  i=1 then
  unlock(v)
  C1
else
  unlock(v)
  C2
fi
end
lock(v)
i := i+1
if  i=1 then
  unlock(v)
  C1
else
  unlock(v)
  C2
fi
end
lock(v)
i := i+1
if  i=1 then
  unlock(v)
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else
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fi
end
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simulator simulator
adSgbOhX. /6ªPzKXe^fgbcRadQus<OhamXpuamW«gBlU*cRadQu
 	
 /.   &!  ) )+!&  "!#& "'(#    ",-. 02 "!# & #7 . 
amSTgbORX«i4`bQei&cR`bX.Xpz<Xy^fgbchamQTusKOhadXuixamW«gbl}U*cRadQTuYQ*¡ch`bX.jbORXp<amQTgki/XpzBU*W(jBldX§
|`BXi4adWgblUechamQTu^pUeuldQTSa^pUeldlm{«rkXs<adKasKXes(aduKchQ­¡¢QgbOjb`kUTi4Xei5/
Z§|`bX«c4Q¶jBOhQK^fXeiRixXei.STXpuBXpO_UechXch`bXpamO!chOVUT^fXyi\gBu<cRadlPcR`bXp{0Xpuk^©QTgbuKchXpO¤ch`bX . !  
QTjkXpO_UechamQTu§!E|QTch`jbORQK^fXeihi4Xei|i4chQj(ch`bXadO@XpzKXe^fgbcRadQTuUec|cR`baiPjkQTamu<c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